The central and peripheral motor pathways serving striated sphincter muscle function were studied using cortical and lumbar transcutaneous electrical stimulation, pudendal nerve stimulation and sphincter electromyography in 23 patients with multiple sclerosis (MS), and sphincter disturbance, including incontinence of urine or faeces, urinary voiding dysfunction, or constipation. The central motor conduction time was significantly increased in the MS group compared to controls (p < 005). Damage to both the upper and lower motor neuron pathways can contribute to sphincter disturbance in MS. The latter may be due to coexisting pathology or to involvement of the conus medullaris by MS.
Abnormalities of sphincter function are common, socially disabling features of multiple sclerosis (MS). Bladder dysfunction occurs in up to 80% of cases and may be the presenting complaint. The severity of bladder symptoms has been correlated with the degree of corticospinal tract involvement.' Faecal incontinence is a less frequent symptom, probably because constipation is so common in MS. Nonetheless, these symptoms are relatively rarely expressed in neurological consultation. Swash et al2 found faecal incontinence a problem in patients with MS, and noted that it seemed related, in part, to chronic partial denervation of the striated anorectal sphincter muscles, associated with childbirth induced damage to the pudendal nerves. Colonic motility may also be impaired in MS with slowing of gut transit3 and absent post prandial colonic motor responses. 4 The afferent and efferent nerve pathways serving micturition and defaecation were shown by Nathan and Slowing of conduction in these spinal pathways can also be detected in specific disease states associated with sphincter disturbance, such as multiple sclerosis and radiation myelopathy."1 The lower motor neuron pathway to the striated sphincter musculature has been extensively studied, in incontinent patients, using translumbar electrical stimulation,'2 pudendal nerve stimulation'3 and striated sphincter electromyography.'415 Both urinary and faecal incontinence have been correlated with damage to these sphincter lower motor neuron pathways, at proximal and distal sites, using these electrophysiological techniques.
The neural lesions underlying sphincter disturbance in MS are incompletely understood, and difficult to define clinically. Yet such information is important for the design of treatment and in assessing its effects. We have addressed this problem in an electrophysiological investigation of the central and peripheral motor nerve pathways to the striated sphincter musculature in a group of 23 patients with multiple sclerosis and sphincter disturbance.
Patients
Twenty three patients with clinically definite MS'6 and symptoms of sphincter dysfunction were recruited from the neurology service of The London Hospital, and through the outpatient practice of The Sir Alan Park's Physiology Unit, St Mark's Hospital, London. A full general and neurological clinical assessment was made in each patient. The clinical data are shown in table 1. Six neurologically normal subjects acted as controls for central motor conduction time evaluation. These six patients had been admitted to hospital for surgical assessment of gastroenterological problems not associated with incontinence. All patients and controls gave their informed consent to the studies, which were approved by the Ethical Committees of both hospitals.
Methods
The electrophysiological studies were designed to assess the integrity of the corticospinal and sacral motor nerve pathways to the striated sphincter musculature. Anal manometry was performed using a station/pull-through technique to quantify resting anal pressure (mainly a function of the smooth muscle internal anal sphincter) and maximum squeeze pressure 
ELECTROPHYSIOLOGICAL RESULTS
The CMCT to the striated anal sphincter muscle in control subjects was 15 3+/- Electrophysiology
Sixteen (3 male, 13 female) patients had evidence of damage to the lower motor neuron pathways to the striated sphincter musculature, including the three patients with normal CMCT values: raised fibre density in EAS-10 patients (two male, eight female), increased LI spinal latency-10 patients (two male, eight female), increased PNTML-three parous women, increased PerNTML-three parous women. Seven patients showed more than one abnormality. Possible reasons for these abnormalities other than MS were present in 12 cases (parity 10, lumbar intervertebral disc disease three, diabetes mellitus one).
CORRELATION BETWEEN ELECTROPHYSIOLOGICAL FINDINGS AND PATTERN OF SPHINCTER DISTURBANCE
1 Urinary incontinence Seventeen patients had urinary urgency and incontinence (11 female, 6 male). Eight were parous women and all had some evidence of damage to the sphincter muscle lower motor neuron innervation, including five with slowing of distal motor conduction in the pudendal nerve or its perineal branch. Three nulliparous women and six men also suffered from urinary incontinence. None of these patients showed any distal pudendal nerve motor conduction slowing although the fibre density in the EAS muscle was elevated in 4/8. Fifteen of the 17 patients with urinary incontinence had cortical and spinal stimulation and CMCT was abnormal in 12. Three patients had CMCT to the striated sphincter muscles within the normal range: two parous women, and one male whose initial clinical presentation was consistent with a lesion of the conus medullaris.
2 Urinary voiding dysfunction Fourteen patients complained of difficulty with voluntary bladder emptying. Nine (three male, six female) had mild and intermittent hesitancy of micturition associated with more prominent symptoms of urinary urgency and incontinence. Evidence of lower motor neuron damage was present in all six of these women (five parous) and one man. CMCT studies were abnormal in seven (five delayed, two absent).
Five patients had more significant urinary retention, requiring catheterisation in two cases and an ileal conduit in one. Two were independently ambulant and three wheelchair bound. They described less incontinence than those with occasional hesitancy, and tended to show less electrophysiological evidence of damage to the lower motor neuron pathway. Two parous women had a raised fibre density in the EAS muscle. CMCT was increased to one or both sphincter muscles in all three patients studied.
3 Faecal incontinence Thirteen patients had recurring episodes of faecal incontinence (six male, seven female-one nulliparous). All had normal resting anal tone on manometry. Five had very poor or absent voluntary anal sphincter contraction (two male, three female). CMCT studies recording from the striated anal sphincter muscles were abnormal in 10 cases (delayed three, absent seven). Eight patients (three male, five female) had evidence of damage to lower motor neuron pathways to the striated anal sphincter muscles in addition to abnormal central motor conduction. 4 Constipation Thirteen patients had experienced a change in bowel habit since the onset of MS. Eight patients had a mild and variable tendency to constipation which was responsive to dietary measures or occasional oral laxative medication. None of these patients described chronic straining at stool. As a group they tended to have more evidence of lower motor neuron pathway damage to the striated anal sphincter muscles (raised fibre density in EAS-6/6, increased PNTML-2/7, and increased spinal latency to EAS or PR-2/7) than those with severe constipation. CMCT was increased in five, absent in one and normal in one case.
The five other cases (two male, three parous women) had intractable constipation, usually accompanied by tenesmus, chronic straining and abdominal bloating. Three patients had been admitted to hospital because of obstructive bowel symptoms. Two were freely ambulant, two had a marked spastic paraparesis and could walk only a few steps with assistance and one was wheelchair dependent. Voluntary anal squeeze pressure was reduced in three cases, and all showed paradoxical increase in striated sphincter muscle activity instead of the normal inhibition when asked to perform a defaecation strain. '9 This disorganisation ofthe normal pattern of muscle activity during defaecation straining was confirmed in three cases by defaecating proctography.20 Paradoxical upward movement of the pelvic floor was seen, consistent with muscle contraction, and poor opening of the anal canal obstructed the expulsion of barium from the rectum. Four of these five patients described alteration of bladder or anorectal sensation, and three had subjective alteration of pinprick sensation in the saddle area. All five had abnormal or absent cortical latencies to the sphincter muscles. Pudendal latencies were normal in all five patients.
Discussion
The pathways for neural control of the bladder and bowel sphincter mechanisms traverse the whole neuraxis, and are therefore frequently involved in a multifocal condition such as MS. Our results show that conduction in the upper motor neuron pathways to the Onuf's nucleus is usually, but not always, slowed in patients with MS and sphincter disturbance. CMCT measurements were not specific for the pattern of sphincter disturbance with incontinence versus voiding dysfunction. Since the electrode placement used for transcortical stimulation probably excite the parasagittal motor cortex bilaterally, and the recording electrodes are arranged bilaterally as catheter-mounted ring electrodes, or anal plug electrodes, the latency of the motor response in the striated sphincter muscle will reflect conduction in the fastest of the preserved corticospinal fibres from both hemispheres. Therefore, unilateral or lesser degrees of damage to these pathways will not easily be detected by this technique. It seems likely that our patients with sphincter symptoms and abnormal cortical motor latencies to the sphincter muscles, had bilateral lesions affecting these pathways, though not necessarily at the same level on each side.
Although the CMCT values to the sphincteric sacral segments in the patient group are significantly greater than in the controls, most abnormal values did not show the two to three fold increase which has been reported for other skeletal muscles studied in MS patients. [21] [22] [23] This and the number of unrecordable responses in our series probably reflects the greater difficulty in recording low amplitude, dispersed potentials from the relatively small striated sphincter muscles, especially in the presence of lower motor pathway dysfunction and denervation atrophy. It also suggests that sphincter motor control may be significantly disrupted by relatively minor changes in motor pathway conduction. When repeated stimulation is required to establish the latency of small, dispersed motor potentials, transcutaneous magnetic stimulation may be better tolerated by patients.2' However, electrical excitation allows greater localisation of the stimulus which is important for the interpretation of spinal stimulation results.
Translumbar spinal stimulation at the level of the conus medullaris probably excites the proximal motor axons rather than the nerve cell bodies, but the precise location is unresolved.
Maertens de Noordhout et al24 localised the point of activation to within 3-5 cm of the cell body but commented that it may be as proximal as the axon hillock. The peripheral component in the CMCT is therefore likely to be small.
Lower motor neuron abnormalities were frequently present in sphincter pathways. Most commonly this was found in association with parity, as was noted by Swash et al.2 Only parous women patients with MS had increased terminal motor latencies in the pudendal nerve or its perineal branch. Although theoretically, any lower motor neuron lesion causing significant Wallerian degeneration within the pudendal nerve could result in an increased terminal motor latency, injury to these nerves during childbirth is the most likely pathogenesis of these abnormalities. Although six out of eight parous MS patients tested had a raised fibre density in the EAS muscle on single fibre EMG, this abnormality was also found in one male and two nulliparous female patients with no known coexisting lower motor neuron pathology. Involvement of the conus medullaris by MS, with secondary axonal atrophy in the sphincter motor neurons may best account for these changes in these three patients, and could contribute to the lower motor neuron disturbance found in the others. 
